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DUAL MODE CONTROLLER FOR 
SWITCHING CIRCUIRTY 

TECHNICAL FIELD 

This invention relates to Switch-mode circuitry and more 
particularly to controlling Such Switch-mode circuitry. 

BACKGROUND 

Semiconductor-based power electronic converters are 
often used to conform electrical power generated from 
various power Sources to a fixed frequency (e.g., 60 Hz) 
phase-synchronized alternating current. Such power con 
verters include inverters which convert (invert) DC to AC. 
These inverter circuits can be used in utility electrical power 
applications, as well as for adjustable speed drives (ASDs) 
for electric motors. A number of different design topologies 
are in use for the converters, which generally require an 
energy Storage element to link the converters to the load. 
Unfortunately, in any inversion process, a portion of the 
generated power is wasted due primarily to the dissipation 
occurring within the large energy Storage devices (e.g., 
inductors, capacitors) and within the Semiconductor devices 
themselves. It is desired that any losses associated with the 
conversion and regulation of generated power be minimized. 

SUMMARY 

The invention features a dual mode controller for con 
trolling Switching circuitry used for example in an inverter. 

In a general aspect of the invention, the dual mode 
controller includes a Voltage mode controller, a current 
mode controller, and a control circuit for operating the dual 
mode controller in a Voltage mode or a current mode in 
response to an output Signal of the Switching circuitry. 
A number of advantages are provided with a dual mode 

controller having both Voltage mode and current mode 
controllers for operating in Voltage and current modes, 
respectively. Operating in the Voltage mode and current 
modes both have their attributes, each making them desir 
able for use in different circumstances. For example, during 
periods of operation in which the load is relatively “well 
behaved' (i.e., no large changes in load), Voltage mode 
operation is preferable because the Switching circuitry has 
less low frequency harmonicS and generates lower System 
losses. However, the Voltage mode of operation does not 
generally react well to large and fast changes in load, for 
example, due to transients at the load. In Such circumstances, 
the dual mode controller uses its current mode controller. 
Although the current mode controller operates with leSS 
efficiency and generates more harmonics, its ability to 
provide a pulse width modulated waveform that can rapidly 
respond to transients while maintaining its frequency and 
phase characteristics is attractive. Furthermore, it is antici 
pated that for many applications the Switching circuitry will 
be predominantly controlled by the relatively efficient volt 
age mode controller, and the current mode controller will be 
used only during those limited times that it is needed. Thus, 
Smaller and leSS expensive components used for the Switch 
ing circuitry can be used. 

Embodiments of this aspect of the invention may include 
one or more of the following features. 

The Voltage mode controller and the current mode con 
troller generate a first pulse width modulated (PWM) signal 
and a Second pulse width modulated Signal, respectively. 
The dual mode controller further includes a selector for 
receiving the first pulse width modulated Signal and the 
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2 
Second pulse width modulated Signal and an output con 
nected to the Switching circuitry. The dual mode controller 
also includes Sensing circuitry which generates an output 
Signal from the Switching circuitry and a control circuit. In 
response to the output Signal from the Sensing circuitry, the 
control circuit controls the Selector to provide one of the first 
pulse width modulated Signal and the Second pulse width 
modulated Signal to an input of the Switching circuitry. 
The Voltage mode controller includes a processor includ 

ing an input for receiving a DC voltage from a DC Source 
and an output for providing a center-aligned first pulse width 
modulated Signal. Among other advantages, operating the 
Voltage mode controller using center-aligned pulse width 
modulation advantageously reduces the level of harmonics, 
thereby reducing noise and filter component dissipation. 
The current mode controller includes a first comparator 

circuit having first and Second inputs for receiving first and 
Second reference Signals, respectively, and a third input for 
receiving an output Signal of the Switching circuitry. The 
current mode controller also includes a logic circuit con 
nected to the comparator circuit for providing the Second 
pulse width generated waveform on the basis of the ampli 
tude of the output signal of the Switching circuitry relative 
to the amplitude of the first reference Signal and Second 
reference Signal. 

In operation, the control circuit of the dual mode control 
ler is configured to control the Selector to provide the Second 
pulse width modulated Signal to the input of the Switching 
circuitry when the amplitude of the output Signal of the 
Switching circuitry is greater than the amplitude of the first 
reference Signal or less than the amplitude of the Second 
reference Signal. 
The control circuit also includes edge detection circuitry 

for examining edge transitions of the first pulse width 
modulated output Signal and the Second pulse width modu 
lated output Signal. In operation, the edge detection circuitry 
and processor of the Voltage mode controller are configured 
to allow alignment of the edge transitions of pulses from the 
first pulse width modulated output signal with edge transi 
tions of pulses from the Second pulse width modulated 
output signal. Specifically, the edge detection circuitry cal 
culates the time difference between edge transitions of 
pulses from the first pulse width modulated output signal 
with corresponding edge transitions of pulse from the Sec 
ond pulse width modulated output signal allowing the edge 
detection circuitry to adjust the hysteresis band (defined by 
the values of the first reference Signal and the Second 
reference signal), which can then be used to Synchronize the 
pulses. 
By ensuring that the edge transitions between the pulses 

of the first PWM output signal (from the voltage mode 
controller) align with corresponding edge transitions of 
pulse from the second PWM output signal (from the current 
mode controller), an effectively seamless transition between 
Switching from current mode control to Voltage mode con 
trol is provided. After transitioning back to the Voltage 
mode, the control circuit resets the value of the first refer 
ence Signal and the Second reference Signal to predetermined 
values for use by the Voltage mode controller. 

In another aspect of the invention, a dual mode controller 
is provided for controlling polyphase circuitry having a 
number of circuits operating with predetermined differential 
phase shifts relative to each other. In the polyphase 
arrangement, the dual mode controller includes a Voltage 
mode controller, a current mode controller, and a control 
circuit that operates one of the Voltage mode controller and 
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current mode controller on the basis of at least one of a 
plurality of output Signals from the Switching circuits. 

In embodiments of this aspect of the invention, the 
Voltage mode controller and the current mode controller 
generate a first and a Second plurality of pulse width 
modulated Signals, respectively, for each of the circuits of 
the polyphase Switching circuitry. A Selector receives the 
first and Second plurality of pulse width modulated Signals 
and the Second plurality of pulse width modulated Signals. 
Sensing circuitry detects output signals from each of the 
circuits of the polyphase Switching circuitry and generates a 
corresponding plurality of output signals. A control circuit, 
in response to the output Signals from the Sensing circuitry, 
controls the selector to provide one of the first plurality of 
pulse width modulated Signals and the Second plurality of 
pulse width modulated Signals to an input of the Switching 
circuitry. The multi-fold increase in efficiency offers a tre 
mendous decrease in size of the components and cost of the 
overall System. 

In Still another aspect of the invention, a method for 
controlling Switching circuitry includes operating in either a 
Voltage mode or a current mode on the basis of an output 
Signal of the Switching circuitry. 

In a related aspect of the invention, a method for control 
ling polyphase Switching circuitry having Switching circuits 
operating with predetermined differential phase shifts rela 
tive to each other. In this aspect, the method includes 
operating in the Voltage mode or the current mode on the 
basis of an output signal from at least one of the Switching 
circuits of the polyphase Switching circuitry. 

Embodiments of these aspects of the invention may 
include one or more of the following features. The Voltage 
mode controller and current mode controller are used gen 
erate first and Second pulse width modulated Signals, respec 
tively. 

The output signal of the Switching circuitry is Sensed and 
a determination is made as to whether an amplitude level of 
the output signal is between a first amplitude level and a 
Second amplitude level, which define a predetermined range. 
The Switching circuitry is operated with the Voltage mode 
controller when the amplitude level of the output signal is 
within the range. On the other hand the Switching circuitry 
is operated with the current mode controller when the 
amplitude level of the output Signal is outside the range. The 
determining Step includes comparing the amplitude level of 
the output signal with the first amplitude level and the 
Second amplitude level. 

Operating in a Voltage mode includes providing a first 
pulse width modulated waveform, preferably center-aligned, 
to the Switching circuitry and operating in the current mode 
includes providing a Second pulse width modulated wave 
form to the Switching circuitry. 
When operating in the current mode, the relative align 

ment of edge transitions of pulses from the first pulse width 
modulated waveform and the second pulse width modulated 
waveform is determined. Switching to the Voltage mode 
occurs when the edge transitions of pulses from the first 
pulse width modulated waveform align with the Second 
pulse width modulated waveform. In one embodiment, 
aligning the edge transitions of pulses from the first pulse 
width modulated waveform with edge transitions of pulses 
from the second pulse width modulated waveform includes 
adjusting the first amplitude level and the Second amplitude 
level, which define the predetermined range. 

After Switching to the Voltage mode from the current 
mode, resetting the first amplitude level and the Second 
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amplitude level to predetermined values. Resetting the first 
amplitude level and Second amplitude level includes using a 
comparator circuit having inputs for receiving the predeter 
mined values. 
The details of one or more embodiments of the invention 

are set forth in the accompanying drawings and the descrip 
tion below. Other features, objects, and advantages of the 
invention will be apparent from the description and 
drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram representation of a single-phase 
inverter circuit including a dual mode controller. 

FIG. 2 is a block diagram representation of the dual mode 
controller of FIG. 1 including a voltage mode controller and 
a current mode controller. 

FIG.3 illustrates a typical waveform for the output of the 
inverter circuit operating in Voltage mode, as well as cor 
responding typical waveforms from the Voltage mode and 
current mode controllers of FIG. 2. 

FIG. 4 illustrates a typical waveform for the output of the 
inverter circuit operating in current mode, as well as corre 
sponding typical waveforms from the Voltage mode and 
current mode controllers of FIG. 2. 

FIG. 5 is a flow diagram illustrating the basic operation of 
the dual mode controller of FIG. 2. 

FIG. 6A is a block diagram representation of an alternate 
embodiment of a dual mode controller. 

FIG. 6B illustrates a typical waveform for the output of 
the inverter circuit and the Voltage ranges for use with the 
embodiment of FIG. 5A. 

FIG. 7 is a block diagram representation of a polyphase 
inverter including a dual mode controller. 

Like reference Symbols in the various drawings indicate 
like elements. 

DETAILED DESCRIPTION 

Referring to FIG. 1, a power conversion system 10 
includes a Switch-mode circuit 12 having a pair of Switching 
transistors 14a, 14b with gate electrodes 16a, 16b driven by 
a pair of gate drivers 18a, 18b, respectively. In the configu 
ration shown in FIG. 1, the Switching transistors are oper 
ated as a single-phase DC to AC inverter connected to an 
external load. In response to control Signals applied to the 
gate electrodes of the Switching transistors, Switch-mode 
circuit 12 provides a pulse-width modulated waveform at the 
output of the inverter. For reasons discussed in greater detail 
below, additional pairs of Switching transistors can be used 
advantageously in polyphase arrangements (e.g., three 
phase). 

Conversion system 10 also includes a dual mode control 
ler 30 which receives a DC signal from a DC power source 
20 and generates drive signals (G+, G-) for gate drivers 18a, 
18b. DC power source 20 can be any of a wide variety of DC 
power Sources including a flywheel, capacitive bank, or fuel 
cell battery. In certain embodiments, DC source 20 can be a 
D-SMES device, such as those described in Application Ser. 
No. 09/449,435, entitled “Electric Utility System with 
Superconducting Magnetic Storage' filed Nov. 24, 1999, 
assigned to the assignee of this application, and incorporated 
herein by reference. A current Sensor 22 is connected to an 
output line 24 to provide an output signal (I) to dual mode 
controller 30. As will be described in greater detail below, 
dual mode controller 30 is Switched between operation in a 
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“voltage mode” and a “current mode” on the basis of the 
(I) signal. Operation in a “voltage mode" and "current 
mode” refers to power Sources that are operated to deliver 
essentially constant Voltage and constant current, respec 
tively. 

Referring to FIG. 2, dual mode controller 30 includes a 
voltage mode controller 40 and a current mode controller 50, 
each having an output connected, through a Selector 60, to 
switch-mode circuit 12 (through a deadtime circuit 70). In 
this embodiment, dual mode controller 30 includes a dead 
time circuit 70 connected to selector 60 to ensure that 
Switching transistorS 14a, 14b operate during different por 
tions of a Switching cycle. This period between Switching 
one device off and Switching the other on, often referred to 
as “deadtime,” is generally required to prevent the possibil 
ity of opposing Switching devices of the Switch-mode circuit 
12 closing simultaneously. This condition, known as "shoot 
through,” can be fatal to the Switching devices, and even if 
not fatal constitutes an unacceptably large increase in power 
dissipation in high efficiency conversion circuitry. 

Voltage mode controller 40 includes a differential ampli 
fier 42 for receiving the DC voltage from source 20 and a 
microcontroller 44 which, in operation, generates a pulse 
width modulated waveform (IncV) to selector 60. Although 
there are a number of Suitable microcontrollers available for 
use in generating PWM waveforms, one example of a 
microcontroller for use with voltage mode controller 40 is 
available from Motorola, Inc. (Product No. MC68376). The 
MC68376 microcontroller is a highly integrated 32 bit 
microcontroller which incorporates, among other 
functionality, a System Integration Module, a Queued A/D 
converter, a 4 KB static RAM, and an 8 KB masked ROM. 
The MC68376 microcontroller also includes four dedicated 
pulse width modulated (PWM) channels. One approach for 
operating the MC68376 microcontroller as a PWM genera 
tor is described in Motorola Application Note TPUPNO5/D, 
entitled “MultiChannel PWM TPU Function (MCPWM)”, 
which is incorporated herein by reference. AS is shown in 
FIG. 2, the I signal is provided to microcontroller 44 via 
buffer amplifier 23 for status information. 

Current mode controller 50 also generates a pulse-width 
modulated waveform (Inc) using a logic circuit having a 
pair of comparators 52a, 52b, an RS flip-flop 54, and an 
inverter 55. In response to the level of the I signal 
provided to inputs of comparators 52a, 52b, current mode 
controller 50 generates waveform (Incl) and provides it to 
Selector 60. For reasons discussed below, dual mode con 
troller 30 also includes edge detection circuitry 72, which 
monitors edge transitions for the PWM waveforms (IncV 
and IncI) from voltage mode controller 40 and current mode 
controller 50. Edge detection circuitry 72 is in the form of 
a Complex Programmable Logic Device (CPLD), for 
example, Product No. XC95216, manufactured by Xilinx, 
Inc., San Jose, Calif. 

In a normal mode of operation, dual mode controller 30 
is used to provide the pulse width modulated waveform 
(IncV) from voltage mode controller 40. A “normal” mode 
of operation means that transients present an output Signal 
(I) are within a preselected acceptable range defined by an 
upper amplitude level (+I) and a lower amplitude level 
(-I). As will be discussed below, the amplitude of the 
output level (I) is constantly monitored to determine 
whether it is between +I, and -I, 

Using the PWM waveform (IncV) to drive switch-mode 
circuit 12 is preferable (particularly in polyphase Systems) 
because center-aligned PWM operation can be used. As is 
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6 
known in the art, the level of harmonics and associated noise 
is significantly reduced when center-aligned PWM is used 
rather than edge-aligned PWM. Thus, when operating in 
voltage mode, the PWM waveform has less noise and 
consumes less power. Thus, Smaller and leSS expensive 
magnetic components (e.g., inductors) can be used. 
Furthermore, in this application, the Switch-mode inverter 
runs cooler and generates a cleaner, more easily regulated 
waveform. Operating in the current mode, however, pro 
vides advantages not realized when operating in Voltage 
mode. In particular, although current mode is noisier and 
less efficient, it is much more responsive (virtually instan 
taneous from pulse-to-pulse) to large and rapid changes at 
the load. Even under Such conditions, the frequency, phase, 
and general shape of the waveform is Substantially main 
tained. That is, the integrity of the frequency and phase 
characteristics of the waveform is not Sacrificed. Thus, 
during normal operation, power conversion System 10 is 
operated in the more efficient Voltage mode of operation. 
However, in the event of a large transient (e.g., fault 
condition) at the load, the power conversion System is 
Switched into the albeit, less efficient, but more stable 
current mode of operation. Because in most applications, 
large transients occur relatively infrequently, power conver 
Sion System 10 will operate in the Voltage mode a Substantial 
amount of time (e.g., >95%). 
With reference to FIGS. 3-5, the operation of dual mode 

controller 30 will now be described. During normal opera 
tion of power conversion system 10, selector 60 is in 
position for voltage mode operation (step 100). That is, the 
PWM waveform IncV generated by voltage mode controller 
40 is provided to gate drivers 18a, 18b of Switch-mode 
circuit 12. In this voltage mode, amplitude levels (+I, -I) 
define a window within which voltage mode controller 40 
can comfortably and reliably provide a PWM waveform. It 
is important to note that during the Voltage mode operation, 
current mode controller 50 continuously monitors output 
signal (I) to determine whether operation in the voltage 
mode should continue. In particular, comparators 52a, 52b 
receive the output signal from current Sensor 22 (FIG. 1), via 
buffer amplifier 23. If the output signal (I) is within the 
range defined, by +I, and -I, the output from RS flip-flop 
54 (represented by IncI) remains in its previous state (either 
“high” from comparator 52a or “low” from comparator 52b) 
and PWM waveform IncV is provided from microcontroller 
44 to selector 60. 

However, Sharp changes in the impedance of the load or 
transients (e.g., caused by a lightning Strike) may cause the 
amplitude of output signal (I) to extend either above upper 
amplitude level (+I) or below lower amplitude level 
(-I). The increase in amplitude is detected by one of 
comparators 52a, 52b of current mode controller 50 (step 
102) and selector 60 is switched into the current mode of 
operation by the combination of edge detection circuitry 72 
and microcontroller 44. Specifically, edge detection circuitry 
72 Senses a change in State of the IncI waveform along line 
79 and informs microcontroller 44 of the change in status 
along line 73. Microcontroller 44 in turn transmits a signal 
along line 77 to Switch selector 60. In the current mode of 
operation, PWM waveform IncI generated by comparators 
52a, 52b and R/S flip-flop 54 is used to control Switch-mode 
circuit 12. 

AS discussed above, in the voltage mode, (+I, -I) 
represent preset upper and lower values defining an ampli 
tude range or window within which PWM waveform IncV 
is used to control Switch-mode circuit 12. In the Voltage 
mode, the values of (+I, -I) are set at levels which 
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should not be exceeded. However, for reasons discussed 
below, in the current mode, the values of (+I, -I) are 
adjusted to control the output frequency and waveshape. 

Referring to FIGS. 2 and 4, assume that the amplitude 
level of output signal (I) is decreasing. When the ampli 
tude level decreases below -I, comparator 52b changes 
state causing IncI to start to increase. Eventually I will 
become greater than-I and comparator 52b changes state 
once again. The It signal continues to increase until the 
amplitude level exceeds +I, at which point comparator 52a 
changes state and I starts to decrease. Thus, the constant 
monitoring of the amplitude level of the I signal relative 
to the values of +I, and -I, are used to generate PWM 
waveform IncI. The resulting PWM waveform IncI (see 
FIG. 4) is provided to gate drivers 18a, 18b of Switch-mode 
circuit 12. 

Because the current mode of operation is less efficient and 
noisier than the Voltage mode of operation, it is generally 
desirable to Switch back to the Voltage mode of operation as 
Soon as possible. Thus, even after Switching into the current 
mode, Voltage mode controller 40 continues to generate 
PWM waveform IncV. 

Although Switching from Voltage mode to current mode 
occurs simply on the basis of whether the output signal (I) 
is maintained within a preselected range, Switching from 
current mode to Voltage mode requires other considerations. 
In particular, in order to ensure a relatively uninterrupted 
transition from the current mode to the Voltage mode, edge 
detection circuitry 72 does not switch selector 60 back to the 
Voltage mode until the pulse width and duty cycle of the 
PWM waveform IncI and PWM waveform IncV are syn 
chronized. Specifically, edge detection circuitry 72 adjusts 
the values of +I, and -I, which, in turn controls the pulse 
width and duty cycle of the PWM waveform IncI. The 
values of +I, and -I, are provided along lines 76, 78 to 
comparatorS 52a, 52b. Arriving at the appropriate values of 
+I, and -I, occurs in a manner similar to that of a 
phase-locked-loop until the waveforms from Voltage mode 
controller 40 and current mode controller are synchronized. 
For example, referring again to FIG. 4, during a first period 
(labeled 80) the edge transitions between corresponding 
pulses of PWM waveform IncV and PWM waveform IncI 
are misaligned. However, during a second period (labeled 
82), edge detection circuitry adjusts the values of +I, and 
-I (in this case, widens the window), thereby adjusting the 
time at which dual mode controller 50 change states. In this 
manner, the pulse width and duty cycle of the PWM wave 
form IncI are adjusted until corresponding edges of the 
pulses of PWM waveform IncV and PWM waveform IncI 
are aligned. When the PWM waveforms are aligned, edge 
detection circuitry 72 provides a Signal along line 73 to 
microcontroller 44 which, in turn, provides a signal along 
line 77 to change the position of selector 60 so that dual 
mode controller 30 is now operated in voltage mode and 
resets the values of +I, and -I, to the preselected voltage 
mode values used by voltage mode controller 40 (step 104). 
Although Switching back to the Voltage mode may occur 
relatively quickly (e.g., almost immediately after the tran 
Sient has passed) in many applications it may be desirable to 
allow a minimum number of cycles to pass before allowing 
Switching back to the Voltage mode of operation. 

Referring to FIGS. 6A and 6B, in another embodiment, a 
current mode controller can have an arrangement which 
provides faster resetting to the preselected Voltage mode 
values used by voltage mode controller 40. In this 
embodiment, a second pair of comparators 92a, 92b is used 
to establish the upper and lower values used by Voltage 
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mode controller 40. With this approach, the programmed 
values of +I, and -I do not need to be reset when 
Switching modes. In essence, the Second pair of comparators 
92a, 92b acts similarly to a digital Switch for Switching 
rapidly to the preselected Voltage mode values used by 
voltage mode controller 40. In this embodiment, the ++I, 
and --I, represent the preselected values for establishing 
the window for operation in the Voltage mode. Thus, So long 
as the amplitude level of the I signal lies between ++I, 
and --I, the dual mode controller operates in voltage 
mode. When the amplitude level of the I signal is either 
greater than ++I, or less than --I edge detection cir 
cuitry 72 Switches to current mode. Once in the current 
mode, edge detection circuitry immediately uses the refer 
ence values of +I, and -I, in the same manner described 
above in conjunction with Fig. Including aligning edge 
transistions before Switching back to Voltage mode. Once 
back in Voltage mode, edge detection circuitry immediately 
uses comparators 92a, 92b and the between ++I, and --I, 
values to determine whether Switching back to current mode 
is required. 

It is important to appreciate that the concept described 
above in conjunction with FIGS. 1-4 is equally applicable 
for polyphase arrangements. Indeed, the multi-fold increase 
in efficiency offers a tremendous decrease in size of the 
components and cost of the overall System. 

Referring to FIG. 7, for example, a three-phase switch 
mode circuit 100 includes three pairs of Switching transistors 
102a, 102b, 104a, 104b, 106a, 106c, each pair associated 
with one of the three phases of the system. The Switching 
transistors conduct in pairs for six distinct time intervals of 
commutation. In particular, each transistor pair conducts for 
120°. Gate drivers (shown collectively as box 110) are 
provided for each Switching transistor to generate gate 
control Signals for each transistor. Each phase is monitored 
independently with current sensors 112a, 112b, 112c, which 
provide feedback signals (Il-1, I-2, Ins) to a dual mode 
controller 114. In operation, if a transient occurs on any of 
the three phases, Such that the Voltage exceeds the upper and 
lower amplitude levels (+I, -I), dual mode controller 
114 will act to Switch from voltage mode control to current 
mode control. Furthermore, it is important to appreciate that 
when Switching from the current mode to the Voltage mode 
will only occur when edges of the pulse waveforms for all 
three phases are aligned. 
A number of embodiments of the invention have been 

described. Nevertheless, it will be understood that various 
modifications may be made without departing from the Spirit 
and Scope of the invention. Accordingly, other embodiments 
are within the Scope of the following claims. 
What is claimed is: 
1. A dual mode controller for controlling Switching 

circuitry, the dual mode controller comprising: 
a Voltage mode controller; 
a current mode controller; 
a control circuit, connected to the Voltage mode controller 

and current mode controller, the control circuit operat 
ing one of the Voltage mode controller or current mode 
controller in response to an output Signal of the Switch 
ing circuitry. 

2. The dual mode controller of claim 1 wherein the 
Voltage mode controller generates a first pulse width modu 
lated Signal, the current mode controller generates a Second 
pulse width modulated Signal. 

3. The dual mode controller of claim 2 further comprising 
a Selector for receiving the first pulse width modulated 
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Signal and the Second pulse width modulated Signal and an 
output connected to the Switching circuitry. 

4. The dual mode controller of claim 3 further comprising 
Sensing circuitry which detects the output signal from the 
Switching circuitry and generates an output signal, the 
control circuit controlling the Selector to provide one of the 
first pulse width modulated Signal and the Second pulse 
width modulated Signal to an input of the Switching circuitry. 

5. The dual mode controller of claim 4 wherein the 
Voltage mode controller includes a processor including an 
input for receiving a DC voltage from a DC Source and an 
output for providing the first pulse width modulated Signal, 
the first pulse width modulated Signal being center-aligned. 

6. The dual mode controller of claim 5 wherein the current 
mode controller includes: 

a first comparator circuit having a first input and a Second 
input for receiving a first reference Signal and Second 
reference Signal, respectively, and a third input Signal 
for receiving the output signal of the Switching cir 
cuitry; and 

a logic circuit connected to the comparator circuit for 
providing the Second pulse width generated waveform 
on the basis of the amplitude of the output Signal of the 
Switching circuitry relative to the amplitude of the first 
reference Signal and Second reference Signal. 

7. The dual mode controller of claim 6 wherein the control 
circuit is configured to control the Selector to provide the 
Second pulse width modulated Signal to the input of the 
Switching circuitry when the amplitude of the output Signal 
of the Switching circuitry is greater than the amplitude of the 
first reference signal or less than the amplitude of the Second 
reference Signal. 

8. The dual mode controller of claim 7 wherein the control 
circuit includes edge detection circuitry for examining edge 
transitions of the first pulse width modulated output Signal 
and the Second pulse width modulated output Signal. 

9. The dual mode controller of claim 8 wherein the edge 
detection circuitry and processor are configured to allow 
alignment of the edge transitions of pulses from the first 
pulse width modulated output Signal with edge transitions of 
pulse from the Second pulse width modulated output Signal. 

10. The dual mode controller of claim 9 wherein the edge 
detection circuitry is configured to align the edge transitions 
of pulses from the first pulse width modulated output Signal 
with edge transitions of pulses from the Second pulse width 
modulated output Signal by adjusting a value of the first 
reference Signal and the Second reference signal. 

11. The dual mode controller of claim 10 wherein the 
control circuit is configured to reset the value of the first 
reference Signal and the Second reference Signal to prede 
termined values. 

12. A dual mode controller for controlling polyphase 
Switching circuitry having a plurality of Switching circuits 
operating with predetermined differential phase shifts rela 
tive to each other, the dual mode controller comprising: 

a Voltage mode controller; 
a current mode controller; and 
a control circuit connected to the Voltage mode controller 

and the current mode controller, the control circuit 
operating one of the Voltage mode controller and cur 
rent mode controller on the basis of at least one of a 
plurality of output Signals from the Switching circuits. 

13. The dual mode controller of claim 12 wherein the 
Voltage mode controller generates a first plurality of pulse 
width modulated signals for each of the plurality of Switch 
ing circuits of the polyphase Switching circuitry and the 
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current mode controller generates a Second plurality of pulse 
width modulated signals for each of the plurality of Switch 
ing circuits of the polyphase Switching circuitry. 

14. The dual mode controller of claim 13 further com 
prising a Selector for receiving the first plurality of pulse 
width modulated Signals and the Second plurality of pulse 
width modulated Signals, the Selector having an output 
connected to the Switching circuitry. 

15. The dual mode controller of claim 14 further com 
prising Sensing circuitry which detects output Signals from 
each of the plurality of circuits of the polyphase Switching 
circuitry and generates a corresponding plurality of output 
Signals, the control circuit controlling the Selector to provide 
one of the first plurality of pulse width modulated Signals 
and the Second plurality of pulse width modulated Signals to 
an input of the Switching circuitry. 

16. The dual mode controller of claim 15 wherein the 
Voltage mode controller includes a processor including an 
input for receiving a DC voltage from a DC Source and an 
output for providing a plurality of center-aligned first pulse 
width modulated Signals. 

17. The dual mode controller of claim 16 wherein the 
current mode controller includes for each circuit of the 
polyphase Switching circuitry: 

a first comparator circuit having a first input and a Second 
input for receiving a first reference Signal and Second 
reference Signal, respectively, and a third input Signal 
for receiving an output Signal of the Switching circuitry; 
and 

a logic circuit connected to the comparator circuit for 
providing the Second pulse width generated waveform 
on the basis of the amplitude of the output Signal of the 
Switching circuitry relative to the amplitude of the first 
reference signal and Second reference signal. 

18. The dual mode controller of claim 17 wherein the 
control circuit is configured to control the Selector to provide 
the Second plurality of pulse width modulated Signals to the 
input of the Switching circuitry when the amplitude of at 
least one of the output signals of the circuits of the polyphase 
Switching circuitry is greater than the amplitude of the first 
reference Signal or less than the amplitude of the Second 
reference Signal. 

19. The dual mode controller of claim 18 wherein the 
control circuit includes edge detection circuitry for exam 
ining edge transitions of the plurality of first pulse width 
modulated output Signals and corresponding ones of the 
plurality of Second pulse width modulated output Signals. 

20. The dual mode controller of claim 17 wherein the edge 
detection circuitry and processor are configured to allow 
alignment of the edge transitions of pulses from the first 
plurality of pulse width modulated output Signals with edge 
transitions of pulses from corresponding ones of the Second 
plurality of pulse width modulated output signals. 

21. The dual mode controller of claim 20 wherein the edge 
detection circuitry is configured to align the edge transitions 
of pulses from the first plurality of pulse width modulated 
output signals with edge transitions of pulse from corre 
sponding ones of the Second plurality of pulse width modu 
lated Signals. 

22. A method for controlling Switching circuitry compris 
ing operating in either a Voltage mode or a current mode on 
the basis of an output Signal of the Switching circuitry. 

23. The method of claim 22 further comprising: 
providing a Voltage mode controller which generates a 

first pulse width modulated Signal for operation in the 
Voltage mode and a current mode controller which 
generates a Second pulse width modulated Signal for 
operation in the current mode. 
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24. The method of claim 23 further comprising: 
Sensing the output Signal of the Switching circuitry; 
determining whether an amplitude level of the output 

Signal is between a first amplitude level and a Second 
amplitude level, the first amplitude level and the Second 
amplitude level defining a predetermined range; 

operating the Switching circuitry with the Voltage mode 
controller when the amplitude level of the output Signal 
is within the range; and 

operating the Switching circuitry with the current mode 
controller when the amplitude level of the output Signal 
is outside the range. 

25. The method of claim 24 wherein the determining step 
includes comparing the amplitude level of the output Signal 
with the first amplitude level and the second amplitude level. 

26. The method of claim 25 wherein operating in a voltage 
mode includes providing a first pulse width modulated 
waveform to the Switching circuitry and operating in the 
current mode includes providing a Second pulse width 
modulated waveform to the Switching circuitry. 

27. The method of claim 26 wherein the first pulse width 
modulated waveform is center-aligned. 

28. The method of claim 27 further comprising when 
operating in the current mode, determining the relative 
alignment of edge transitions of pulses from the first pulse 
width modulated waveform and the second pulse width 
modulated waveform. 

29. The method of claim 28 comprising, when operating 
in the current mode, Switching to the Voltage mode when the 
edge transitions of pulses from the first pulse width modu 
lated waveformalign with the second pulse width modulated 
waveform. 

30. The method of claim 29 wherein aligning edge 
transitions of pulses from the first pulse width modulated 
waveform with edge transitions of pulses from the Second 
pulse width modulated waveform includes adjusting the first 
amplitude level and the Second amplitude level, which 
define the predetermined range. 

31. The method of claim 30 further comprising, after 
Switching to the Voltage mode from the current mode, 
resetting the first amplitude level and the Second amplitude 
level to predetermined values. 

32. The method of claim 31 wherein resetting the first 
amplitude level and Second amplitude level includes using a 
comparator circuit having inputs for receiving the predeter 
mined values. 

33. A method for controlling polyphase Switching cir 
cuitry having a plurality of Switching circuits operating with 
predetermined differential phase shifts relative to each other, 
the method comprising operating in a Voltage mode or a 
current mode on the basis of an output signal from at least 
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one of the plurality of Switching circuits of the polyphase 
Switching circuitry. 

34. The method of claim 33 further comprising: 
an output Signal from each of the plurality of Switching 

circuits of the polyphase Switching circuitry; 
determining whether an amplitude level of each of the 

output signals is between a first amplitude level and a 
Second amplitude level, the first amplitude level and the 
Second amplitude level defining a predetermined range; 

operating the Switching circuitry in the Voltage mode 
when each of the amplitude levels of each of the output 
Signals is within the range; and 

operating the Switching circuitry in the current mode 
when the amplitude level of any of the output signals is 
Outside the range. 

35. The method of claim 34 wherein operating in a voltage 
mode includes providing a first pulse width modulated 
waveform from a Voltage mode controller to each of the 
circuits of the polyphase Switching circuitry and operating in 
the current mode includes providing a Second pulse width 
modulated waveform from a current mode controller to each 
of the circuits of the polyphase Switching circuitry. 

36. The method of claim 35 wherein the first pulse width 
modulated waveforms are center-aligned. 

37. The method of claim 36 further comprising when 
operating in the current mode, determining the relative 
alignment of edge transitions of pulses from each of the first 
pulse width modulated waveforms with pulses from each of 
the second pulse width modulated waveforms. 

38. The method of claim 37 comprising, when operating 
in the current mode, Switching to the Voltage mode when 
edge transitions of pulses from the first pulse width modu 
lated waveform align with corresponding ones of the edge 
transitions of pulses of the Second pulse width modulated 
waveform. 

39. The method of claim 33 wherein aligning edge 
transitions of pulses from the first pulse width modulated 
waveforms with edge transitions of pulses from the Second 
pulse width modulated waveforms includes adjusting the 
first amplitude levels and the second amplitude levels for 
each circuit. 

40. The method of claim 39 further comprising, after 
Switching to the Voltage mode from the current mode, 
resetting the first amplitude levels and the Second amplitude 
levels to predetermined values for each circuit. 

41. The method of claim 40 wherein resetting the first 
amplitude levels and Second amplitude levels includes using 
comparator circuits having inputs for receiving the prede 
termined values. 


